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an adhesive for joining two sheets of glass to each other is 
applied to at least one sheet of glass, the quantified liquid 
crystal is dropped in a designated position on the upper surface 
of the sheet glass, and the other sheet of glass is joined thereto 
from above while matching patterns. 

2. A liquid crystal filling apparatus, which is adapted 
to fill a gap of a glass substrate formed by joining two sheets 
of glass to each other with liquid crystal, characterized in 
that means for fixing and positioning one sheet of glass where' 
an adhesive is made adhere to the upper surface thereof and 
liquid crystal dropping means for dropping liquid crystal fed 
from a quantifying device on the upper portion of the glass 
position are provided in an evacuated chamber, and a vertical 
moving mechanism for joining the other sheet of glass while 
matching the pattern of the sheet glass is provided in the chamber 
to fill the glass substrate with liquid crystal. 

3. A liquid crystal filling apparatus, which is adapted 
to fill a gap of a glass substrate formed by joining two sheets 
of glass to each other with liquid crystal, comprising: a liquid 
crystal injection and glass superposing station formed by means 
for fixing and positioning one sheet of glass where an adhesive 
adheres to the upper surface thereof in the atmosphere and a 
liquid crystal dropping means for a liquid crystal dropping 
means for quantitatively dropping liquid crystal on the glass; 
and a vacuum station for evacuating the gap in the glass substrate 
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after the other sheet of glass is joined to the upper surface 
of the glass . , 

Detailed Description of the Invention: t 
[Technical Field] 

This invention relates to a liquid crystal filling method 
and apparatus and particularly to the liquid crystal filling 
method and apparatus for filling a minute gap (8 to 10 \i) of 
a glass substrate as a liquid crystal display element part with 
liquid crystal, 

[Prior Art } 

The liquid crystal display element has been filled with 
liquid crystal heretofore by inserting a glass substrate in 
a chamber and evacuating the interior of the chamber. That 
is # the interior of a minute gap of the glass substrate formed 
by sticking, for example, two sheets of soda glass is evacuated 
by evacuating the interior of the chamber, subsequently the 
evacuated glass substrate is put in liquid crystal, and the 
interior of the chamber is restored to the atmospheric pressure, 
thereby filling the inside of the glass substrate with liquid 
crystal due to a pressure difference between the interior of 
the chamber and the inside of the glass substrate. With the 
progress of filling with liquid crystal, however, the degree 
of vacuum in the interior of the glass substrate is deteriorated 
so that a pressure difference between the interior of the chamber 
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and the inside of the glass substrate becomes smaller to lower 
the liquid crystal filling speed. Especially, in the case of. 
a large glass substrate, for example, a glass substrate with 
dimensions of about 300 mm x 150 mm, encountered is a* serious 
problem that the filling time is about 90 minutes. 
[Object of the Invention] 

It is an object of the invention to clear away such a' 
problem of the prior art and provide a method and apparatus 
for filling, for example, a minute gap of a glass substrate 1 
of a liquid crystal display element with liquid crystal at a 
high speed. • 

[Constitution of the Invention] 

The invention provides a liquid crystal filling method 
in which an adhesive for joining two sheets of glass to each 
other is applied to at least one sheet of glass, the quantified 
liquid crystal is dropped in a designated position on the upper 
surface of the sheet glass, and the other sheet of glass is 
joined thereto from above while matching patterns. 

The invention also provides a liquid crystal filling 
apparatus, which is adapted to fill a gap of a glass substrate 
formed by joining two sheets of glass to each other with liquid 
crystal, and is so constructed that means for fixing and 
positioning one sheet of glass where an adhesive is made adhere 
to the upper surface thereof and liquid crystal dropping means 
for dropping liquid crystal fed from a quantifying device on 
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the upper portion of the glass position are provided in an 
evacuated chamber, and a vertical moving mechanism for joining 
the other sheet of glass while matching the pattern of the sheet 
glass is provided in the chamber to fill the glass substrate 
with liquid crystal. 

The invention further provides a liquid crystal filing 
apparatus, which is adapted to fill a gap of a glass substrate 
formed by joining two sheets of glass to each other with liquid 
crystal, and includes a liquid crystal injection and glass 
superposing station formed by means for fixing and positioning 
one sheet of glass where an adhesive adheres to the upper surface 
thereof in the atmosphere and a liquid crystal dropping means 
for quantitatively dropping liquid crystal on the glass, and 
a vacuum station for evacuating the gap in the glass substrate 
after the other sheet of glass is joined to the upper surface 
of the glass. 

[Description of Constitution and Operation of First 
Embodiment] 

A first embodiment of the invention will now be described 
according to Fig. 1. 

As shown in Fig. 1, in the first embodiment of a liquid 
crystal filling apparatus according to the invention , a carrying 
device 2 is housed in a chamber 1. A glass substrate is formed 
by soda glasses 3a and 3b, an adhesive 4 is screen-printed on 
the glass 3a, and two sheets of glass 3a and 3b are stuck to 
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each other by the adhesive 4 . Liquid crystal 5 is filled between 
the glass sheets 3a and 3b. A cylinder 6 for vertical movement 
is adapted to move the glass 3b to the position of the glass 
3a, a deairing tank 7 is provided to deair the liquid crystal 
5, and the deairing tank 7 is provided with an agitator 8 to 
shorten the deairing time. A quantifying pump 9 is provided 
to supply the capacity for a minute gap of the glass substrate* 
and connected to the deairing tank 7. A cutoff valve 10 is 
provided to improve a break of the liquid crystal 5 fed from 
the quantifying pump 9. The cutoff valve 10 is moved 
horizontally by a cylinder 11 for horizontal movement , andf itted 
to the chamber 1 by vacuum sealing. A vacuum pump 12 is provided 
to evacuate the interiors of the chamber 1 and the deairing 
tank 7 . 

Filling of liquid crystal using the first embodiment will 
now be described. In the glass 3a where an adhesive 4 is 
screen-printed is put in a system and the interior of the system 
is evacuated to 10" 1 to 10" 2 Torr. After a solvent in the adhesive 
4 is evaporated, the cutoff valve 10 is moved to the center 
of the glass 3a by the cylinder 11 for horizontal movement. 
The liquid crystal 5 in the deairing tank 7 is quantified by 
the quantifying pump 9, and dropped to the center part of the 
upper surface of the glass 3a through the cutoff valve 10 . After 
the liquid crystal 5 is dropped, the cutoff valve 10 is moved 
to a position away from the upper surface of the glass, plate 
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3a by the cylinder 11, the cylinder 6 for vertical movement 
holding the glass 3b to which a spacer adheres is lowered, and 
load is applied to two sheets of glass 3a and 3b by the cylinder 
6 to bond the sheets of glass. In bonding, a gap between two 
sheets of glass 3a and 3b is set to about 8 to 10 |i by the spacer, 
and even in the case of a large glass, for example, glass with 
dimensions of about 300 mm x 150 mm, thegap can be substantially 
filled with the liquid crystal 5 about 10 seconds by surface 
tension of the liquid crystal 5 or the like. After filling 
with the liquid crystal 5, not being shown, the cylinder 6 for 
vertical movement is a little raised, the glass substrate is 
moved to the next station by a carrying device 2 , and the interior 
of the chamber 1 is restored to the atmospheric pressure, whereby 
the glass substrate can be surely filled with the liquid crystal 
5 every nook and cranny thereof. This substrate can be next 
moved to an adhesive hardening process to harden the adhesive 
by a conventional method. 

[Description of Constitution and Operation of Second 
Embodiment ] 

A second embodiment of the invention will now be described 
according to Fig. 2. 

As shown in Fig. 2, the second embodiment of a liquid 
crystal filling apparatus according to the invention is formed 
by a liquid crystal injection and glass superposition station 
13, a quantitative feeder 14 with a cutoff valve, and a vacuum 
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station 1 5 constituted by a lid 1 6 and a chamber 17 . The reference 
numeral 18 is a cylinder, and has a function of moving up and, 
down the lid 16. The interior of the chamber 17 is evacuated 
by an oil- sealed rotary vacuum pump 19 . The reference numeral 
20 is a working bench. 

Filling of liquid crystal using the second embodiment 
will now be described. A glass 3a where an adhesive 4 is 1 
screen-printed is positioned and set on the upper part of the 
working bench 20, and the liquid crystal quantitative feeder* 
14 with a cutoff valve is moved to the vicinity of the central 
part of the glass 3a. Subsequently, the cutoff valve of the 
liquid crystal quantitative feeder 14 is opened for a fixed 
time to drop a designated quantity of liquid crystal 5 to the 
central part of the upper surface of the glass plate 3a. After 
dropping the liquid crystal, another upper glass is stuck 
according to the pattern of the lower glass 3a. As a method 
for matching the upper glass to the pattern of the lower glass 
3a, not being shown, a worker performs matching by visual 
observation, matching is performed according to the glass 
outline standard, or matching is performed with a pattern 
recognition device. 

In this state, air and the liquid crystal 5 are mixed 
in a minute gap of the glass substrate. Therefore, in order 
to eliminate air existing in the minute gap of the glass substrate # 
the glass substrate is transferred to the vacuum station 15. 
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At the vacuum station, the lid 16 is raised with the cylinder 
18, the glass substrate is put in t,he chamber 17/ the lid 16 
is closed, and the vacuum pump 19 is operated. As for the degree 
of vacuum in the minute gap of the glass substrate and the chamber 
17, even if the interior of the chamber 11 is on the level of 
10~ 2 Torr , the interior of the minute gap of the glass substrate 
will not reach the level of 10" 2 Torr,, so the pressure in the 
gap has a worse degree of vacuum . This is because the conductance 
of evacuation for the minute gap of the glass substrate is smaller 
than that of evacuation for the interior of the chamber 17. 
Accordingly, the glass sheets 3a, 3b are bent outward, so that 
the liquid crystal 5 is collected at the corner part, that is, 
the adhesive 4 side, and the central part of the glass substrate 
is bulged so as to facilitate deairing. Subsequently, the 
vacuum pump 19 is stopped, and an atmospheric air release valve 
(not shown) is opened to set the interior of the chamber 17 
to the atmosphere. By such an operation, the glass substrate 
bent outward hitherto is restored to the initial state, that 
is, the state where two sheets of glass are combined parallel 
to each other, so that the interior of the glass substrate can 
be uniformly filled with liquid crystal. Thus, the liquid 
crystal filling process can be completed in a short time without 
residual air in the liquid crystal 5. 

[Description of the Advantage of the Invention] 
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The advantages of the above embodiments will now be 
described. 

According to the invention , as described above , the liquid 
crystal 5 is dropped to the designated position of, the upper 
surface of one sheet glass 3a, whereby although the conventional 
apparatus requires about 90 minutes for the filling time, 
according to the invention , the liquid crystal filling and glass 
bonding can be completed in about fifty seconds, so, that the 
operation speed about 100 times as high as before can be attained, * 
and the filling time is almost regardless of the size of the 
glass substrate . Further , since the glass substrate is inserted 
in a liquid crystal reservoir in the conventional liquid crystal 
filling apparatus, the liquid crystal 5 adheres to the outer 
periphery of the glass substrate , and the adhering liquid crystal 
5 has been wiped of f heretofore . Consequently , expensive liquid 
crystal 5 is wasted. In the invention, however, only a required 
quantity of liquid crystal 5 is dropped, so it produces the 
advantage that the product cost is low. 

Brief Description of the Drawings: 

Fig. 1 is a sectional view showing a first embodiment 
of a liquid crystal filling apparatus according to the invention ; 
and 

Fig. 2 is a sectional view showing a second embodiment 
of a liquid crystal filling apparatus according to the invention . 
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1: chamber 3a, 3b: glass 4: adhesive 5: liquid crystal 
6: cylinder for vertical movement 7: deairing tank 9: 
quantifying pump 10 : cutoff valve 12 : vacuum pump 13 : liquid 
crystal injection and glass plate superposition station 14: 
quantitative feeder 15: vacuum station 16: lid 17: chamber 
18: cylinder 19: oil-sealed rotary vacuum pump 
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Publication of Amendment (under Patent Law Section 17 (2) 

Amendment under the provision of Patent Law Section 17 (2) 
submitted on Patent Application No. Sho-58-46039 (Publication 
Number of Patent Application: Sho-59- 171925 , printed in the 
official gazette No. 59-1720 of publication of unexamined patent 
application issued on September 28, 1984) is published as follows'. 
6(2) 
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AMENDMENT 
June 12, 1985 



Commissioner of the Patent Office 

1 . Designation of the Case 

Patent Application Number Sho-,58-46039 

2. Title of the Invention 

Liquid Crystal Filling Method and Apparatus 
3 . Person Making Amendment 

Relation to the Case: Patent Applicant 

Address: 1-1-1, Showa-cho, Kariya-shi, Aichi-ken 

Name: (426) Nippon Denso Co,, Ltd. 

Representative Director, Kengo Toda 

4, Object of Amendment 

Column of "Detailed Description of the 
Invention" of the Specification 

5. Contents of Amendment 

We amend the specification as follows . 
"a filling apparatus." in the twelfth line on page 4 of the 
specification is corrected to "provides a filling apparatus . " . 
"glass 12" in the seventh line on page 6 of the specification 
is corrected to" glass 3a" . 
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